The Federal Aviation Administration (FAA) has not yet standardized usage regulations for unmanned aircraft systems (UASs) and those regulations are still evolving. Consequently, this lack of standardization creates tedious obstacles for UAS users. The goal of this research was to provide a justified recommendation to the Department of Transportation regarding the benefits of UAS implementation into routine operations, as well as advice on specific UAS equipment that benefits KDOT. This paper includes a literature review that lists commercial companies currently using UASs after gaining a Certificate of Authorization exemption and describes research of using UASs for the purposes of assisting or replacing tasks at a state's DOT. Potential applications and concerns regarding UAS usage are also included in the literature review. An online survey was created and sent to all USDOT offices with questions pertaining to demographics, current operations, and if that DOT office is currently using the new technology, or is only considering it. An economic analysis was completed using data from several departments. Out of the nine areas considered for implementing UAS, seven could realize benefits in safety, efficiency, and a possible cost savings. The recommended UAS applications are in bridge inspection, radio tower inspection, surveying, road mapping, high-mast light tower inspection, stockpile measurement, and aerial photography.
INTRODUCTION

Potential Applications of UAS Technology
Drones surveillance applications include but are not limited to tracking of wildlife and livestock, measurements of geophysical and meteorological phenomena, monitoring the environment, monitoring large scale construction projects such as buildings, observing energy infrastructures such as gas and water pipelines and electricity networks, and monitoring road, air, and sea traffic [1] . Many government agencies believe drone application will benefit civilian needs, despite the obstacles involved in drone usage. They might be used to help with accident investigations for clearing roads faster or to monitor congested highways for backups [2] . According to Yamanouchi, Georgia Tech is receiving funds from the Georgia Department of Transportation (GDOT) to investigate the applicability of improving GDOT's online navigation map of highway congestion using drones. Researchers at Georgia Tech, anticipate this to be much more beneficial than the limited field of vision provided by existing stationary cameras on highways. Engineers at GDOT also believe that drones can improve the speed, safety, and cost of bridge inspections compared to the current costs of workers and equipment [2] .
Federal Aviation Administration Exemptions
Interest in UAS application for use in commercial companies increased substantially in 2015. This is evident in the number of Section 333 exemptions requested, which is a document that allows the Secretary of Transportation to decide if an airworthiness certificate is required for a UAS to operate safely in the national airspace system. The increase in Section 333 exemption requests is evident between February 2015 and December 2015, where the number of exemptions granted by the Federal Aviation Administration (FAA) rose from 25 to 2,614, with expected daily increase (FAA 2016) . The FAA website contains the current exemption information (https://www.faa.gov/uas). Companies seeking exemptions are in industries ranging from the consulting and construction to the real estate and photography/videography. The FAA tedious process for exemption may discourage UAS use or discourage companies from seeking exemption. If a company uses drone technology without completing the Certificate of Authorization (COA) application process, serious consequences apply. In 2014, the FAA granted permission to all the law enforcement agencies to investigate UASs used outside of the safety guidelines and allowed investigating the UAV pilots [3] .
UAS STUDIES IN TRANSPORTATION
Previous Research
Existing UAS application research to transportation allows increased understanding of UAS application for transportation improvements in Kansas and helps identify areas of concern when applying UAS in transportation. Research from Departments of Transportation (DOTs) in Arkansas, Georgia, North Carolina, Utah, and Washington is summarized in the following sections, thereby providing guidance for the Kansas Department of Transportation (KDOT) implementation of drones.
Arkansas Department of Transportation
In 2014, the Arkansas State Highway and Transportation Department (AHTD) published a report on visual aids for corridor analysis in order to determine the optimal method for monitoring traffic and supplying data to the VisSim software. One method in the report used a mobile highmast camera, and the other method utilized a helium balloon. Because a helium balloon is technically an unmanned aircraft, research from that method was investigated for UAS application. The AHTD determined that video collected from the mobile high-mast camera was the optimal solution for corridor analysis because it resulted in decreased cost of equipment and labor, ease of use, and increased photo and video quality when compared to the helium balloon method [4] . This research did not indicate a preference toward an aerial vehicle for traffic monitoring, so the assumption was made that drone usage for the same task of traffic monitoring would result in similar benefits.
Georgia Department of Transportation
In 2013, two researchers performed a feasibility study of UAS usage for operations of the Georgia Department of Transportation (GDOT). Applications tested in this research included photography and videography to aid transportation, traffic management, and construction. In order to understand GDOT procedures, the researchers interviewed 24 personnel in the selected GDOT divisions, with three main areas of focus: (1) the division information requirement, (2) operators' basic tasks in each division, and (3) operators' primary decisions to accomplish required tasks in their divisions. Based on interview results, the researchers developed required unmanned aerial vehicle (UAV) design characteristics for users in each GDOT division. It was concluded the UAV application would be most beneficial for in construction, engineering, intermodal, permits and operations divisions [5] .
North Carolina Department of Transportation
Research conducted on UAS applications by the North Carolina Department of Transportation (NCDOT) included optimistic views on the growth of the aviation industry. An economics report from the Association for Unmanned Vehicle Systems International (AUVSI) predicted that approximately 1,200 jobs will be created in North Carolina by the year 2025 as a result of emerging UAS technology. North Carolina is expecting its aerospace manufacturing sector to expand as a result of commercialized UAS technology. Vast farmland and maritime spaces that are vacant and not occupied by residential or commercial buildings allows North Carolina to provide thorough UAS testing and research, making this state well suited for increasing aviation technology [6] . The Next Generation Air Transportation Center (NGAT) in North Carolina provided a detailed cost estimate of UAS implementation for the NCDOT. The cost analysis from the North Carolina report revealed a start-up cost of $850,000 and annual recurring costs of $435,250. The main contributors to the high start-up cost are the fixed-wing aircraft system and the data management system both priced over $100,000. The aircraft and data management system are both start-up items that KDOT must also invest in, however the price may vary with different operational specifications such as flight time and payload options.
Utah Department of Transportation
Researchers in Utah attempted to improve the convenience of UAV applications for highway-related problems affecting the Utah Department of Transportation (UDOT) [7] . They used UAV to take high-resolution images in two phases of the project. In the first phase, the UAV took high-resolution aerial images for the Southern Parkway Highway corridor project before, during, and after completion of the highway. In the second phase, UAV was used at Utah's Machine Lake Wetland Mitigation Bank to classify wetland plant species. Several UAV flights were made in both locations, and digital images were taken by UAV onboard cameras. The high-resolution images were post-processed to allow accurate utilization in the UDOT Geographic Information System (GIS) database and as a classification tool of United States Department of Transportation (USDOT) plant species [7] . The conclusion was made that UAVs could benefit the UDOT for tasks that require immediate aerial images, such as roadways under construction, proposed roadways, roadways that require repair and maintenance, and structures of existing roadways. Images obtained via UAVs would be updated on UDOT's GIS database, resulting in improved functionality and new images to aid a decision maker. UAV images could also benefit wetland monitoring and classification of plant species by economically saving time and reducing the cost.
DEPARTMENT OF TRANSPORTATION SAFETY
UAS Usage Concerns for Safety
The literature review for this project revealed a number of concerns regarding UAS usage. The main concerns were safety, equipment capability, and privacy. The safety of KDOT workers, drivers, and anyone near a KDOT project are the primary concern of KDOT for UAS application. Because a UAS crash in a populated area could injure many people and damage property, potential harm of people unaffiliated with the UAS project, as well as project operators, is a reason for concern. In addition, a UAS could enter the airspace of manned aircraft, posing a significant risk to all involved. However, this risk could be managed by communicating with air traffic control or by avoiding UAS usage near airports. If KDOT uses UAS to inspect a highway or bridge, drivers in the area may see the UAS and become distracted, resulting in an accident.
Operational Constraints
The second concern of UAS usage is the functional ability of the equipment itself. Current UAS models are only able to maintain a maximum flight time of 20 minutes and carry a payload of 5-10 lbs. Concern exists that the UAS may be unable to perform the strenuous tasks that KDOT would require of it because the UAS battery must be recharged about every 20 minutes (www.dji.com). Also, when using the UAS for KDOT tasks, new software are required for image and data processing, and the learning curve for this new software may be difficult for KDOT personnel. Proactive identification of these concerns allows preparation of an integration plan that minimizes the operational obstacles.
Public Perception of UAS
According to the literature, one possible negative impact of implementation of drone technology implementation is the displacement of human jobs and income distribution as a result of automation [8] . Drones have an expected negative impact on the environment due to its high energy usage and reliance on battery power. According to Clarke [8] , regardless of the benefits of drone usage, the potential for new sources of harm, such as accidents and violent usage, increases. Clarke discussed public safety issues associated with drone usage in civilian missions and suggested that negative effects initiated by drone usage could be minimized via a regulatory regime that controls and evaluates drone usage in civil applications [8] .
Survey Responses
For this study, a 36-question survey was distributed to leaders in aviation at DOT offices throughout the United States. The first half of the survey related to the DOTs' current methods and technology, and the second half of the survey pertained to the DOTs' stances on UAS applications. Responses to these questions revealed if a state had considered using this new technology and the motivation behind implementation. Thirty states responded to the survey, thereby fulfilling the research goal of a 60% response rate. Of the 30 DOT representatives, nine claimed that their department was considering use of a UAS for their operations. The tasks for which the DOTs would apply drones are shown in Table 1 . "Other" responses for areas of application included: Surveillance of protected species; Estimation of construction quantities; Airfield obstruction inspections; Crash reconstruction and Confined spaces (culverts and pump stations) Survey participants were also asked which motivating factor influenced their interest in applying UAS technology; their responses are shown in Table 2 . "Other" motivating factors listed in the table included the following: UAS adds a different viewpoint for surveillance and enhances existing monitoring, and the cost, safety, and efficiency are all part of a formula for resource investment. Four state DOTs claimed to currently utilize UAS technology. One state is using a QAV500 quadcopter and an S800 hexacopter for inspections of highways, wetlands, debris flow, landslides, and rock fall. Another DOT is using an Atlas 1 quadcopter for surveying and photographing environmental resources. The third DOT has constructed a quadcopter and is in the testing phases of an aerial mapping project. In 2016, this state intends to purchase a fixed wing model similar to the Trimble X5 and a multirotor model such as the AirGon Av-900 MMK. They also plan to use UAS to photograph mine wall cracks and joints. The fourth state was not available for contact to gather detailed information.
Survey Conclusions
Survey results revealed that 11 DOT offices (73.33%) are considering using UAS technology in their state's DOT, and seven offices (46.67%) are considering purchasing a UAS once regulations allow for commercial use. At this time, only six DOTs (40%) have submitted requests for a COA exemption from the FAA. Survey results indicated that DOTs are waiting for FAA regulations to stabilize before purchasing a UAS. 
Background of Economic Analysis
After administering a national survey and conducting meetings regarding the actual field operations in Kansas, operating procedures of various KDOT departments were determined in order to conduct an economic analysis.
Bridge Inspection
The Bridge Inspection KDOT office is responsible for the inspection and maintenance of 5,115 state-owned bridges that must have inspections once every two years. In addition to the state-owned bridges, KDOT provides financial and labor assistance to privately owned bridges through the use of a consultant. Implementation of UAS technology could replace physical labor required for bridge inspections. However, only "general routine" and "routine snooper" bridge inspections, totaling 4,665 bridges, could be inspected using UAS technology. A bridge could potentially be fully inspected in 1 hour using a UAS. The safety, efficiency, and cost savings of UAS applications for bridge inspections justifies integration of the new method. However, integrating previous bridge inspection methods with the UAS will be a challenge, but the overall savings in time and expenses make the integration worthwhile. In addition, the new method involves training the current bridge inspection team for UAS flight and analysis, so no jobs would be lost due to technology implementation. Annual cost savings of $44,708 would be the result of using UAS to inspect the eligible 4,665 bridges, thereby saving 7,000 labor hours over a 2-year period. According to survey responses, other states are currently using drones for bridge inspections and are obtaining beneficial results. Therefore, KDOT could utilize the UAS application for bridge inspection.
Radio Tower Inspection
In order to maximize the effect of UAS implementation for KDOT, departments other than the bridge inspection department were also considered. KDOT currently oversees inspections of radio towers throughout Kansas. The physical inspectors are outsourced consultants, and KDOT manages these consultant projects. Using the hourly consultant cost, each tower inspection costs at least $364, and these inspections take place 20 times per year. Therefore, decreased dependence on outsourced work shows potential for the largest cost savings for KDOT. Current radio tower inspection methods require extensive physical labor and climbing, but a UAS will reduce the time required to inspect a radio tower and shorten the time human inspectors spend climbing a tower. KDOT currently uses an outsourced company called Hayden Tower for radio tower inspections. KDOT would need to remove or reduce their usage of the outsourced service in order to apply a UAS for radio tower inspection. Depending on the strength of this business relationship, complete elimination of their services may be difficult. We recommend that KDOT perform radio tower inspections internally, resulting in potential annual savings of $7,280 due to decreased outsourced work and less time needed to fully inspect a tower. Although KDOT must internally process the workforce and travel expenses of the tower inspections, UAS application would benefit radio tower inspections.
Surveying
Similar to radio tower inspections, a majority of costs associated with KDOT surveying efforts are due to use of an outsourced consulting firm. UAS technology would reduce the time needed to gather imaging for land surveying. Safety and efficiency improvements would be inherent in this method, but those improvements cannot be quantified. Potential savings of $12,500 would be due to reduced dependence on outsourced aerial imaging. The current surveying method at KDOT combines traditional surveying on foot and aerial imaging. UAS application to this task would eliminate the need for traditional methods and outsourced aerial imaging. Although the benefits from reducing traditional survey methods cannot be quantified, the evidence of successful UAS surveying in the literature review increases the appeal of this application. Outsourced aerial imaging comes at a high annual cost, but the UAS could capture required imaging at a much lower cost. UAS integration into current surveying methods and reduced reliance on outsourced images are practical innovations for KDOT to save time and money on the surveying project.
Road Mapping
Road mapping, a subset of the surveying department at KDOT, collects aerial images to support the GIS database and create updated Kansas maps. Costs associated with road mapping in Kansas are primarily attributed to the outsourced imaging; KDOT also uses Wilson & Company for road mapping. KDOT annually pays for aerial images that serve both surveying and road mapping tasks. However, if KDOT used a UAS to internally generate aerial images for this task, the consultant could be eliminated, resulting in potential savings of $12,500. Cost savings represent half of the cost of outsourced imaging since it is assumed that half of the costs apply to surveying and the other half applies to road mapping. Once again, safety and efficiency savings cannot be quantified in this situation, but the costs savings when performing this task internally is a great advantage to KDOT.
High-Mast Light Tower Inspection
KDOT also requires inspection of high-mast light towers, which are tall light towers commonly seen along interstate highways in Kansas. Employees in the Bureau of Transportation Safety and Technology oversee outsourced inspections of 1,500 high-mast light towers in Kansas. The cost of outsourcing inspections for these towers is approximately $550,000. Assuming that KDOT would replace current methods with UAS aerial imaging, the annual savings would be one-fourth of the cost to inspect all towers since 4 years are required to inspect all structures. Savings can be achieved by eliminating the outsourced inspections and performing these inspections internally. Once again, safety and efficiency improvements have high value but cannot be quantified. We recommend that KDOT apply UAS to this task.
Stockpile Measurement
KDOT does not currently demonstrate any activity related to construction stockpile measurement. However, research of other DOT construction methods revealed many benefits to keeping detailed records of construction stockpiles [9] . Currently, KDOT notes the volume of stockpiled material by documenting truckloads of material dropped off at a site, but this method does not account for material lost through wind, rain, or poor security. New UAS software can estimate stockpile volume and moisture content from a quick scan of the stockpile. Although no immediate cost savings are evident by applying UAS technology to stockpile measurement, benefits create potential cost savings in the future. Close inventory inspection of stockpiles ensures that the supplier provides the correct amount of material, guarantees that unintended stock-outs of material are avoided, and necessary moisture amounts for road construction. Based on the literature review and survey responses, stockpile management is a common task for DOT offices. Although KDOT does not closely record stockpile data except for the number of truckloads of material delivered, a 5 minute UAS flight would allow construction teams to record the volume, temperature, and moisture of the stockpile to ensure correct delivery amounts and to monitor loss to wind or extreme weather. Because this task is not currently taking place at KDOT, no specific cost savings were calculated. However, no major difficulties would prevent initiation of this method, so we recommend the UAS to manage construction stockpiles.
Photography and Videography
The Office of Support Services provides an internal service of photography and videography of KDOT activities. The subject matter of the photos and videos ranges from construction projects, vehicle accidents, damage to KDOT equipment, signage, or anything requested for the benefit of a presentation within KDOT. Employees who drive to the site of the photos or videos use KDOT vehicles and are paid a per diem for travel; implementation of a UAS would not reduce those expenses, so no cost savings can be recorded for this task. However, a UAS would enhance the photography and videography by providing a new point of view and allowing new, creative ideas. In fact, the qualitative benefits are nearly limitless since a photographer's creativity can clarify communication of the subject matter in KDOT presentations. Many people purchase a UAS for photography and videography alone, but the safety, efficiency, and cost savings determine the overall impact of UAS application for KDOT. Photos and videos provided by this department are supplemental to construction, surveying, maintenance, and other KDOT divisions as needed. The only major costs associated with this department is the initial cost of equipment, and no major time or safety improvements exist for UAS application for this task. Although photography and videography tasks alone do not justify purchase of a UAS, capabilities of the UAS will significantly benefit the task. We recommend that if KDOT purchases a UAS for other tasks, the UAS should also be applied to the photography and videography department.
Railroad Intersection Inventory
The freight and rail department at KDOT works closely with corporate rail owners to ensure that safety standards are met at intersections of Kansas-owned roads and railroads. KDOT is responsible for inspecting a total of 5,950 street and railroad intersections, and the annual goal is to complete 1,500 crossing inventories and inspections throughout 21 counties. These inspections are updated with the records at the Federal Railroad Administration. Since inventories and inspections at these crossings are made primarily via visual inspection, a UAS would be applicable to this task, although no realized cost savings would be achieved. Current methods of railroad crossing inventory involve visual inspection of the gates and intersections of railroads. These structures are not difficult to access and inspection takes a relatively short amount of time. Utilization of a UAS for this task does not present any major safety improvements, increased efficiencies, or annual savings; therefore, we do not recommend that KDOT use a UAS for railroad intersection inventory.
Traffic Data Collection
KDOT could potentially use UAS application for traffic data collection, specifically traffic observations and queueing analysis. KDOT's current method for data collection utilizes weight sensors and loop and piezo sensors in the pavement. This method presents minimal safety hazards for continuous data collection over long periods of time.
The restricted flight time of the UAS does not make a feasible source of data collection. A UAS may be an added benefit to traffic data collection by taking small samples, but it is not feasible to replace or modify current methods since the flight time is only 20 to 30 minutes. We do not recommend that KDOT use a UAS for traffic data collection unless a short time sample is needed.
EQUIPMENT AND SOFTWARE RECOMMENDATION
Equipment
In order to begin using UAS for tasks, a one-time equipment cost is required, as shown in Table 3 . The equipment list in the table includes two UAS models, extra batteries, battery-charging generators, controllers, cameras, and a tablet for use with the controls. Recommended models in the table were chosen after consulting the literature review, survey responses, and KState Salina's Chief UAS pilots. The two UAS models recommended for KDOT are the DJI S900 and DJI Inspire. Other equipment that may be beneficial for this project includes extra batteries, LightBridge live video software, and DJI phantom with 4k camera. The total cost of this optional equipment is $3,007. We also recommend that KDOT utilize a professional UAS pilot to avoid accidental damage or loss of UAS equipment. Recurring costs would include the pilot's annual salary and medical certificates of optional ground observers.
Software
Included equipment in the DJI Inspire and DJI S900 can achieve basic photography and videography, but additional software must be included to perform technical tasks such as bridge inspections and surveying. The most applicable software are Agisoft Photoscan, Pix4Dmapper, VisSim, and PhotoModeler. The first two recommended software programs are used for research at K-State Salina with the same brand of UAS. AgiSoft Photoscan provides capabilities and special features needed for technical projects. The professional version can be purchased for $3,499. Pix4Dmapper software is compatible with DJI equipment and provides analysis for bridge inspection, surveying, road mapping, stockpile measurement, tower inspections, and more. This software is considered to be a "plug-and-play" program and is user friendly. PostFlight Terra3D owned by Pix4D, also has photogrammetric capabilities, is more common on fixed-wing drones, but it could be configured for rotary-wing drones as well. Purchase of Pix4Dmapper could be financed through monthly payments ($350) to test the software, or it could be purchased for $8,700 or leased for 1-year for $3,500. According to the literature review, the AHTD utilized VisSim software to record and analyze traffic data [4] . For KDOT, information gathered from a UAS could be analyzed with VisSim to perform queueing analysis of roads, rail intersections, traffic engineering, and other transportation systems. The cost of this software depends on customer needs. KDOT could also utilize PhotoModeler software ($2,495), which creates a 3-D model online from any photos for photogrammetric analysis. Since this software is compatible with a UAS, it could reasonably perform almost all tasks outlined in the economic analysis.
CONCLUSIONS
Based on the literature review, survey responses, and economic analysis, the use of a UAS for KDOT's operations will improve safety, efficiency, and reduce costs. Out of all departments considered for application, UAS application is recommended for 7 of the departments. Bridge inspection was the department that had the largest opportunity for improving in all three criteria of safety, efficiency, and cost. All of the tasks recommended for UAS application have significant efficiency improvements since the data and imaging can be collected much faster. The recommended UAS applications are in bridge inspection, radio tower inspection, surveying, road mapping, highmast light tower inspection, stockpile measurement, and aerial photography for a potential total annual savings of $214,488. A summary of recommended UAS applications and its associated cost savings are displayed in Table 4 .
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